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(57) ABSTRACT

A double-sided printing apparatus which includes two print-
ers each including a tractor unit, a fixing unit and scuil
rollers 1s 1mproved 1n that, even if a printed surface of
continuous recording paper contacts with the scuif rollers,
stain to the print does not occur. The double-sided printing
apparatus includes a tractor unit for forming a print image on
the rear surface of continuous recording paper and trans-
porting the continuous recording paper in a forward
direction, a flash fixing unit for fixing the print image formed
on the continuous recording paper to the continuous record-
ing paper, scull rollers capable of transporting the continu-
ous recording paper 1n the forward direction and outputting
transport amount information, and a tension control section
for controlling the tractor unit and the scufl rollers so that the
continuous recording paper has a predetermined tension
when printing of the continuous recording paper 1s started.
In the rear surface printing apparatus, fixed acceleration
control 1s performed for the tractor unit and the scuil rollers,
and a predetermined tension 1s applied to the continuous

paper.

6 Claims, 15 Drawing Sheets
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DOUBLE-SIDED PRINTING APPARATUS
AND DOUBLE-SIDED PRINTING METHOD

BACKGROUND OF THE INVENTION

1) Field of the Invention

This invention relates to a double-sided printing apparatus
and a double-sided printing method suitable for use for
printing on front and rear surfaces of continuous recording,
paper, for example, by an electrophotographic method.

2) Description of the Related Art

In recent years, 1n a field of development of printers for
continuous recording paper (a continuous medium), various
double-sided printing apparatus have been placed on the
market from various manufacturers. A double-sided printing
apparatus 1s an apparatus for printing on both of the front
surface and the rear surface of continuous recording paper
by an electrophotographic method and includes two printers
cach of which can print on one surface of continuous
recording paper and are connected to each other via a turn
bar for turning over the continuous recording paper.

FIG. 12 1s a schematic view of a double-sided printing,
apparatus. Referring to FIG. 12, the double-sided printing
apparatus 80 shown includes a pair of printers 80a and 804,
a turn bar 80b, and a transport relaying apparatus 80c.
Continuous recording paper 100 1s printed on the front
surface thereof by the printer 80a and turned over by the turn
bar 80b. Then, the continuous recording paper 100 1s trans-
ported through the transport relaying apparatus 80c and then
printed on the rear surface thereof by the printer 80d. In this
manner, the front and rear surfaces of the continuous record-
ing paper 100 are printed by the two printers 80a and 80d
which are connected to each other.

FIG. 13 1s a schematic view of the printer 80d. The printer
80d shown 1 FIG. 13 prints on the rear surface of the
continuous recording paper 100 discharged from the trans-
port relaying apparatus 80c, and the continuous recording,
paper 100 released from the transport relaying apparatus 80c
1s loaded into the printer 80d. Then, the continuous record-
ing paper 100 1s transported by a tractor unit 95 which
includes a pair of tractor belts 95a and 95¢ and a tractor
motor 95b. During such transportation, toner powder stick-
ing to a photosensitive drum 90¢ 1s transferred to the
continuous recording paper 100 by a transfer charger (not
shown) provided in the tractor unit 95 so that a print image
1s formed on the continuous recording paper 100. Then, the
toner powder 1s fixed to the continuous recording paper 100
by heat 1n a flash ﬁxing unit 91. Thereafter, the continuous
recording paper 100 1s stored 111t0 a paper folding unit 945
under the guidance of a pair of scufl rollers 92b and 92a. The
scull rollers 92b and 92a are rotating at an equalvelocity. A
pair of pinch rollers 93a and 93b cooperate with the scuil
rollers 92a and 92b, respectively, to transport the continuous
recording paper 100.

As a mechanism for transporting the continuous recording
paper 100, the tractor unit 95 shown 1n FIG. 13 serves as
main transport means for transporting the continuous record-
ing paper 100 and the scufl rollers 92b and 924 take up the
continuous recording paper 100.

Meanwhile, toner power 1s transferred to a surface of the
continuous recording paper 100 1n accordance with a fol-
lowing flow. Referring to FIG. 13, the photosensitive drum
90¢ rotates 1n the clockwise direction. During rotation, the
surface of the photosensitive drum 90e¢ 1s first charged
uniformly by a precharger 90c, and then, an electrostatic
latent 1mage of data to be printed 1s formed on the surface
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2

of the photosensitive drum 90e by exposure to light by an
exposure station 90d. Then, the electro static latent 1mage 1s
developed 1nto a toner 1mage by a developing unit 90g, and
the toner powder on the photosensitive drum 90¢ 1s trans-
ferred to the surface the continuous recording paper 100 by
the transfer charger 1n the tractor unit 95. Meanwhile,
remaining toner powder on the photosensitive drum 90e 1s
removed by a cleaner station 90b. Then, the surface of the
photosensitive drum 90¢ 1s charged uniformly by the pre-
charger 90c again 1n order to prepare for a next transferring

step.
Now, velocity variations of the tractor motor 95b 1n the
tractor unit 95 and scufl motors 1n the scuif rollers 925 and

92a are described with reference to FIGS. 14(a), 14(b) and
15(a), 15(b), and also operation for keeping the tensile force
of the continuous recording paper 100 1s described. It 1s to
be noted that the transport velocity of the tractor unit 95 1s
hereinafter referred to as main transport velocity, and the
transport velocity of the sculf rollers 925 and 92a 1s here-
inafter referred to as scull transport velocity. Further, the
direction along which the continuous recording paper 100 1s
printed and transported may be hereinafter referred to as
forward direction or printing transport direction, and the
direction opposite to the direction may be hereinafter
referred to as reverse direction.

FIG. 14(a) 1s a diagram illustrating the velocity variation
of the tractor motor upon starting of printing, and FIG. 14(b)
1s a diagram 1llustrating the velocity variation of the scuff
motors upon starting of printing. The characteristic 1llus-
trated in FIG. 14(a) is a characteristic of the tractor motor
95b 1n the tractor unit 95, and the characteristic 1llustrated 1n
FIG. 14(b) is a characteristic of the scuff motors (not shown)
for driving the scufl rollers 925 and 92a.

In a section denoted by A in FIG. 14(b), the scuff rollers
92b and 92a are started earlier than the tractor unit 95 to
increase the tension of the continuous recording paper 100
(stretch the continuous recording paper 100 in a taut state).
Also during printing, in order to assure a high tension to the
continuous recording paper 100, the scull transport velocity
1s set higher by approximately 5 to 30% than the main
transport velocity.

FIG. 15(a) 1s a diagram illustrating the velocity variation
of the tractor motor upon stopping of printing, and FIG.
15(b) 1s a diagram illustrating the velocity variation of the
scull motors upon stopping of printing. A velocity curve 90q
shown in FIG. 15(a) indicates the main transport velocity. In
FIG. 15(a), the tractor motor first rotates in the forward
direction at a velocity V, and then rotates reversely at
another velocity -V, after the velocity becomes equal to
zero. Here, both of V, and V., are positive values. The reason
why the rotation 1s reversed 1s that it 1s intended to adjust the
printing position of the continuous recording paper 100 to a
position suitable when next printing 1s to be started.

Meanwhile, the velocity curve 90b' shown in FIG. 15(b)
indicates the scull transport velocity. The scufl transport
velocity exhibits such a variation that the scuff motor
continues to rotate forwardly at a velocity higher by approxi-
mately 5 to 30% than the main transport velocity and still
continues 1ts forward rotation even after the tractor unit 95
starts 1ts backward transportation, and then stops after the
tractor unit 95 stops 1ts backward transportation. Therefore,
in a section denoted by B in FIG. 15(b), the scuff rollers 925
and 92a rotate forwardly so that the continuous recording
paper 100 1s taken up by them and a predetermined tension
of the continuous recording paper 100 1s obtained thereby.

As described above with reference to FIGS. 14(a), 14(b),
15(a) and 15(b), the scuff rollers 92b and 92a operate to
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increase the tension of the continuous recording paper 100.
In other words, they operate 1n such a manner as described
in the following paragraphs (1) to (3).

@ During printing, the sculf rollers 92b and 92a are set
in an excessively feeding condition wherein the scufl veloc-
ity 1s higher by approximately 5 to 30% than the main
transport velocity so that the continuous recording paper 100
may have a predetermined tension 1n order to prevent a slack
(buffer) of the continuous recording paper 100.
Consequently, good transportability and fixing stability of
the continuous recording paper 100 are obtained 1n the flash
fixing umt 91.

@ When transportation of the confinuous recording
paper 100 1s started, the scuff rollers 925 and 924 are started
carlier, for example, by approximately 3 seconds or more
than starting of printing so that they may rotate but idly so
that the continuous recording paper 100 may not become
slackened thereby to assure transportability and fixing sta-

bility of the continuous recording paper 100 upon starting.

@ As an operation unique to the printer for continuous
recording paper, upon stopping of printing, the continuous
recording paper 100 stops after it 1s transported backwardly
by approximately 1 to 4 inches. Also during such backward
transportation, the scull rollers 92b and 924 rotate forwardly
so that the continuous recording paper 100 may have a
predetermined tension at the flash fixing unit 91 thereby to
make preparations for next printing.

Since the system described above merely requires control

[

of the timings of starting and stopping and the velocities of

[

rotation, 1t 1s advantageous in that an i1nexpensive scull

motor can be used and transportability and fixing stability of
the continuous recording paper 100 are achieved.

Further, where the system described above 1s used for
single-sided printing, no rubbing of the printed surface
occurs 1n any case as described 1n the following paragraphs
@ to @

@ While the scufl transport velocity during printing 1s
higher by approximately 5 to 30%, since the pinch rollers
93a and 93b (refer to FIG. 13) which contact with the printed
surface side of the continuous recording paper 100 are
driven rollers and rotate at a velocity equal to the velocity at
which the continuous recording paper 100 1s transported, no
stain to the print by rubbing of the printed surface occurs.

@ Also upon starting, even 1f the scuil rollers 92b and

92a are started at a sudden timing, the pinch rollers 934 and
93b do not rotate, and consequently, no stain to the print by
rubbing of the printed surface occurs similarly. The sudden
fiming signifies that the velocity increases suddenly.

@When backward transportation upon stopping of print-
ing of the continuous recording paper 100 1s performed or
when the continuous recording paper 100 1s transported in
the reverse direction, since the pinch rollers 93a and 935
rotate together with the continuous recording paper 100, no
stain to the print by rubbing of the printed surface occurs
either.

Therefore, when single-sided printing 1s performed, no
stain to the print occurs even 1if the continuous recording
paper 100 1s transported using the sculf rollers 925 and 92a.
On the other hand, when double-sided printing 1s performed,
during printing described 1n the paragraph above, since
the velocity of the scull rollers 92b and 92a 1s higher by
approximately 5 to 30% than the transport velocity, the
difference between the velocities 1s sufficiently small and no
stain to the print occurs.

However, when double-sided printing 1s performed, since
the scull rollers 92b and 92a are used to transport the
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continuous recording paper 100, a surface of the continuous
recording paper 100 which has been printed by the first
printer 80a faces the sculf rollers 92b and 924 of the second
turn bar 80b. Consequently a pressure called pinch pressure
of each of the scuff rollers 92a and 92b 1s applied to the
surface of the continuous recording paper 100 printed by the
first printer 80a, and this pressure removes toner powder
from the surface of the continuous recording paper 100 and

causes stain to the print.

In particular, when the scufl rollers 92b and 92a are 1n
such an 1dle rotation condition as described 1n paragraph @
above, since the velocity difference 1s as great as apProxi-
mately 105% to 130%, a high pinch pressure 1s applied to the
print and this causes stain to the print. Also while the
continuous recording paper 100 1s backwardly transported as
In paragraph @ above, since the scufl rollers 926 and 92a
are rotating forwardly, the velocity difference 1s as high as
approximately 205% to 235% and this causes stain to the
print.

Accordingly, the system described above has a subject to
be solved 1n that, where 1t 1s used for double-sided printing,
since a printed surface of the continuous recording paper
100 faces the scuff rollers 92b and 92a and the scufl
transport velocity and the main transport velocity are dif-
ferent from each other, the printed surface 1s rubbed with the
scufl rollers 926 and 92a and this deteriorates the picture
quality of the print.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
double-sided printing apparatus of the type wherein two
clectrophotographic printers each including a tractor unit, a
flash fixing unit and scuif rollers are connected to each other,
and a double-sided printing method for the double-sided
printing apparatus by which, even 1f a printed surface of
continuous recording paper contacts with the scuff rollers,
no stain to the print 1s caused by the sculf rollers.

In order to attain the object described above, according to
the present invention, fixed acceleration control of the
tractor units and the scuff rollers 1s performed, and a
predetermined tension 1s applied to the continuous recording
paper.

More particularly, according to an aspect of the present
invention, there 1s provided a double-sided printing
apparatus, comprising front surface printing means for print-
ing on a front surface of a continuous medium and trans-
porting the continuous medium 1n a printing transport
direction, paper turning over means provided on the printing
transport direction side of the front surface printing means
for turning over the continuous medium to reverse the front
and rear surfaces of the continuous medium and transporting,
the continuous medium 1in the printing transport direction,
and rear surface printing means provided on the printing
transport direction side of the paper turning over means for
printing on the rear surface of the continuous medium and
transporting the continuous medium 1n the printing transport
direction, the rear surface printing means including main
transport means for forming a print image on the rear surface
of the continuous medium and transporting the continuous
medium 1n the printing transport direction, fixing means
provided on the downstream side of the main transport
means 1n the printing transport means for fixing the print
image formed on the continuous medium to the continuous
medium, scull transport means provided on the downstream
side of the fixing means 1n the printing transport means for
transporting the continuos medium in the printing transport
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means and outputting transport amount information, fixed
acceleration control means for controlling the transport
velocity of the main transport means and the transport
velocity of the scull transport means with fixed
accelerations, and tension control means for controlling the
main transport means and the scuff transport means so that
the continuous medium may have a predetermined tension
when printing of the continuous medium 1s started.

The double-sided printing apparatus 1s advantageous in
that rubbing of the print on the continuous medium 1is
eliminated and further in that, since the continuous medium
1s controlled to a state wherein it has a predetermined
tension, stain to the print does not occur.

The tension control means may control the scufl transport
means and the main transport means so that the main
fransport means 1s activated after a predetermined time after
the scull transport means 1s activated.

The tension control means may control the main transport
means and the scuff transport means so that the scufl
transport means 1s stopped earlier than the main transport
means to generate a slack having a predetermined amount of
the continuous medium and then the sculf transport means
and the main control means are activated at the same timing
to transport the continuous medium by a predetermined
distance 1n a direction opposite to the printing transport
direction to eliminate the slack generated on the continuous
medium. In this instance, the tension control means may
include feed amount management control means for deter-
mining the predetermined distance from the transport
amount 1nformation outputted from the scull transport
means. And the tension control means may include slack
amount detection means for detecting a slack amount of the
continuous medium being transported between the main
transport means and the sculfl transport means to determine

the predetermined distance.

With the double-sided printing apparatus, since the con-
tinuous medium 1s transported backwardly while it remains
in a slackened state, there 1s an advantage that rubbing of the
print on the continuous medium can be prevented.

According to another aspect of the present invention,
there 1s provided a double-sided printing method, compris-
ing a paper loading step of printing data to be printed on the
front surface of a continuous medium, transporting the
continuous medium 1n a printing transport direction, turning
over the continuous medium to reverse the front and rear
surfaces of the continuous medium and transporting the
continuous medium 1in the printing transport direction, a
scull transport step of transporting the continuous medium
with a fixed acceleration 1n the printing transport direction to
take up the continuous medium which has a print image
fixed to the rear surface thereof, a main transport step of
forming a print 1mage on the rear surface of the continuous
medium after a predetermined time after the scufl transport
step 1s started and transporting the continuous medium with
a fixed acceleration 1n the printing transport direction, a
detection step of detecting a slack amount of the continuous
medium before the continuous medium being transported by
the main transport step 1s stopped, and a paper tension
keeping step of stopping, when the transportation in the
printing transport direction 1s to be stopped, the scull trans-
portation after the slack amount detected by the detection
step 1s eliminated after the main transportation 1s stopped
and stopping, when the transportation in a direction opposite
to the printing transport direction 1s to be stopped, the main
transportation after the slack amount detected by the detec-
tion step 1s eliminated after the scufl transport 1s stopped.
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The double-sided printing method 1s advantageous 1n that,
even 1f a surface of a continuous medium printed by per-
forming double-sided printing by means of two single-sided
printing apparatus connected to each other in such a state
that the scufl transport velocity and the main transport
velocity are different from each other contacts with a scuif
roller, no stain to the print from the scuil roller occurs, and
consequently a print image of good quality can be obtained.

According to a further aspect of the present invention,
there 1s provided a double-sided printing method, compris-

ing a paper loading step of printing data to be printed on the
front surface of a continuous medium, transporting the
confinuous medium 1n a printing transport direction, turning
over the continuous medium to reverse the front and rear
surfaces of the continuous medium and transporting the
continuous medium 1in the printing transport direction, a

scufl transport step of forming a print 1image on the rear
surface of the continuous medium and transporting the

continuous medium with a fixed acceleration 1n the printing
transport direction, a main transport step of transporting the
continuous medium, which has a print 1mage fixed to the
rear surface thereof, with a fixed acceleration 1n the printing
transport direction simultanecously with the scuff transport
step, a slack generating step of stopping the transportation of
the continuous medium after the scufl transportation 1is
stopped to generate a slack of the continuous medium, and
a reverse transport step of fransporting the continuous
medium 1n a direction opposite to the printing transport
direction at the same timing as the continuous medium 1s
scull transported in the direction opposite to the printing
transport direction.

The double-sided printing method 1s advantageous 1n that
a continuous medium can be transported stably from 1mme-
diately after printing 1s started.

The above and other objects, features and advantages of
the present mvention will become apparent from the fol-
lowing description and the appended claims, taken 1n con-
junction with the accompanying drawings in which like

parts or elements denoted by like reference symbols.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing a construction of a
double-sided printing apparatus to which the present inven-
tion 1s applied;

FIG. 2 1s a schematic view of a rear surface printing
apparatus according to a first embodiment of the present
mvention;

FIG. 3 1s a diagram 1illustrating a pinch pressure applied
in the first embodiment of the present 1nvention;

FIG. 4 1s a schematic view 1llustrating a limit value to a
slack amount 1n the first embodiment of the present inven-
tion;

FIG. 5(a) 1s a diagram illustrating a velocity control

method for a tractor motor 1n the first embodiment of the
present 1nvention;

FIG. 5(b) 1s a diagram illustrating a velocity control
method for a scuff motor in the first embodiment of the
present 1nvention;

FIG. 6 1s a schematic view of a rear surface printing,
apparatus according to a second embodiment of the present
invention;

FIG. 7 1s a block diagram of a tension control apparatus
according to the second embodiment of the present mmven-
tion;

FIG. 8 1s a schematic diagrammatic view showing a fixed
acceleration control apparatus according to the second
embodiment of the present invention;
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FIG. 9(a) is a diagram 1illustrating a fixed acceleration
control method for a tractor motor 1n the second embodi-

ment of the present mnvention;

FIG. 9(b) is a diagram illustrating a fixed acceleration
control method for a scuftf motor 1n the second embodiment

of the present invention;

FIG. 10 1s a schematic view showing a construction of a
slack amount detection mechanism in which a micro switch
photo-sensor 1s used 1n a further embodiment of the present
mvention;

FIG. 11 1s a diagram illustrating a characteristic of the
velocity of a scull motor used 1n a still further embodiment
of the present invention;

FIG. 12 1s a schematic view showing a construction of a
double-sided printing apparatus;

FIG. 13 1s a schematic view of a printer;

FIG. 14(a) is a diagram 1illustrating a velocity variation of
a tractor motor upon starting of printing;

FIG. 14(b) 1s a diagram illustrating a velocity variation of
a scull motor upon starting of printing;

FIG. 15(a) 1s a diagram illustrating a velocity rotation of
a tractor motor upon stopping of printing; and

FIG. 15(b) 1s a diagram illustrating a velocity rotation of
a scuil motor upon stopping of printing.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the present invention
are described with reference to the accompanying drawings.
(A) First Embodiment of the Invention

FIG. 1 1s a schematic view showing a construction of a
double-sided printing apparatus to which the present inven-
tion 1s applied. Referring to FIG. 1, the double-sided printing
apparatus 8 shown performs electrophotographic printing on
the opposite surfaces of continuous recording paper 1 and
includes a front surface printing apparatus 9a, a turn bar 95,
a transport relaying apparatus 9c¢, and a rear surface printing
apparatus 11.

The front surface printing apparatus 9a prints on the front
surface of continuous recording paper 1 and transports the
continuous recording paper 1 1n a printing transport
direction, and mcludes a paper folding unit 94 1n which the
continuous recording paper 1 1s stored. The turn bar 9b 1s
provided on the printing transport direction side of the front
surface printing apparatus 9« in the printing transport direc-
fion and turns over the continuous recording paper 1 to
reverse the front and rear faces of the continuous recording
paper 1. The transport relaying apparatus 9c¢ transports the
continuous recording paper 1 from the turn bar 95 1n the
printing transport direction. The turn bar 95 and the transport
relaying apparatus 9c¢ cooperatively function as paper turn-
ing over means. The rear surface printing apparatus 11 1s
provided on the downstream side of the transport relaying,
apparatus 9c 1n the printing transport direction for printing
on the rear surface of the continuous recording paper 1 and
transporting the continuous recording paper 1 in the printing
transport direction. The rear surface printing apparatus 11
has a paper folding unit for storing the printed continuous
recording paper 1.

Thus, the continuous recording paper 1 1s printed on the
front surface thereof by the front surface printing apparatus
9a and released from the front surface printing apparatus 9a.
Then, the continuous recording paper 1 1s loaded through the
turn bar 96 and the transport relaying apparatus 9c¢ into the
rear surface printing apparatus 11, by which the rear surface
thereof 1s printed.
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It 1s to be noted that, 1n the following description, the
printing transport direction may sometimes be referred to as
forward direction, and the direction opposite to this direction
may sometimes be referred to as reverse direction. Further,
transportation of the continuous recording paper 1 in the
reverse direction may sometimes be referred to as backward
transportation. Furthermore, the double-sided printing appa-
ratus 8 has the same construction also in a second embodi-
ment of the present invention which 1s hereinafter described.

FIG. 2 1s a schematic view of the rear surface printing,
apparatus 11 according to a first embodiment of the present
invention. Referring to FIG. 2, the rear surface printing
apparatus 11 1s provided on the downstream side of the
transport relaying apparatus 9c in the forward direction, and
prints on the rear surface of the continuous recording paper
1 and transports 1t 1n the forward direction. The rear surface
printing apparatus 1 includes a photosensitive drum 114, a
tractor unit 16, a flash fixing unit 11c, a pair of scuff rollers
11d and 11e, a pair of pinch rollers 11f and 11g, a paper
folding unit 11:, and a tension control apparatus 12.

The photosensitive drum 11a transfers toner powder to the
continuous recording paper 1 therefrom. It 1s to be noted that
description of the other parts for performing electrophoto-
ographic printing 1s omitted herein.

The tractor unit 16 forms a print image on the rear surface
of the continuous recording paper 1 and transports the
continuous recording paper 1 1n the forward direction. The
tractor unit 16 mcludes a pair of tractor belts 16a and 16c¢ for
transporting the continuous recording paper 1, and a tractor
motor 16b for driving the tractor belts 16a and 16c¢, and
functions as main transport means. Further, the tractor unit
16 transfers toner powder on the photosensitive drum 11a to
the continuous recording paper 1 by means of a transfer
charger (not shown) provided therein, and transports the
continuous recording paper 1 having the toner powder
transterred thereto 1n the forward direction shown in FIG. 2
by means of the tractor belts 16a and 16¢ and the tractor
motor 16b.

The flash fixing unit 11c 1s provided on the downstream
side of the tractor unit 16 1n the forward direction and fixes
a print 1mage formed on the continuous recording paper 1.
The rear surface printing apparatus 11 thus functions as
fixing means. It is to be noted that the flash fixing unit 11c
1s not activated when the continuous recording paper 1 1s
transported backwardly.

The scufl rollers 11d and 11e¢ are provided on the down-
strecam side of the flash fixing unit 11c¢ in the forward
direction, and transport the continuous recording paper 1 in
the forward direction and can output transport amount
information. The scufl rollers 11d and 11e thus function as
scull transport means. More particularly, each of the scuil
rollers 11d and 1le are respectively driven by a scull motor
(scuff motor 11d' hereinafter described in connection with
the second embodiment). It 1s to be noted that the transport
amount information signifies the number of rotations of the
motors and the velocity of rotation of the motors.

The pinch rollers 11f and 11g are driven rollers for
transporting the continuous recording paper 1. The paper
folding unit 11; folds the continuous recording paper 1 and
stores the continuous recording paper 1 1n a folded state.

The continuous recording paper 1 released from the
transport relaying apparatus 9c 1s transported to the tractor
unit 16, in which a print image 1s formed on the rear surface
of the continuous recording paper 1. Then, the continuous
recording paper 1 1s transported 1n the forward direction to
the flash fixing unit 11¢, in which the printed image 1s fixed
to the continuous recording paper 1. Further, the continuous
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recording paper 1 1s transported m the forward direction by
the scull rollers 114 and 11e and stored 1nto the paper folding
unit 11:.

The tension control apparatus 12 can control the tractor
unit 16 and the scuff rollers 11d and 1le so that, upon
starting of printing on the continuous recording paper 1, the
continuous recording paper 1 may have a predetermined
tension, and includes a fixed acceleration control apparatus
12a. The fixed acceleration control apparatus 12a can con-
trol the transport velocity of the tractor unit 16 and the
transport velocity of the scufl rollers 114 and 11e with fixed
accelerations.

In particular, the tension control apparatus 12 controls
such that the scuff rollers 11d and 11e are started first and
then the tractor unit 16 1s activated after a predetermined
fime so that the continuous recording paper 1 may have a
predetermined tension when the tractor umit 16 starts its
transportation. More particularly, the tension control appa-
ratus 12 controls such that, when transportation 1is started,
the continuous recording paper 1 may be in a predetermmed
tensioned state between the tractor unit 16 and the scuil
rollers 11d and 11e 1n order to prevent stain to the print and
secure the fixing stability of the flash fixing unit 11c¢. In order
to give the continuous recording paper 1 a predetermined
tension upon starting of printing, the following three meth-

ods (1) to (111) are considered.

(1) The scuff rollers 114 and 11e are started earlier than the
tractor unit 16.

(ii)) When the continuous recording paper 1 is to be
stopped during transportation thereof in the forward
direction and has some slack, the paper folding unit 11:
1s taken up to eliminate the slack.

(ii1) When the continuous recording paper 1 is to be
stopped during backward transportation and has some
slack, the paper folding unit 11: 1s taken up to eliminate

the slack.

Method (1)

The tension control apparatus 12 controls the scuif rollers
11d and 11e such that the scuff rollers 114 and 11¢ are started
first and then the tractor unit 16 1s started after a predeter-
mined time so that the continuous recording paper 1 may
have a predetermined tension. The tension control apparatus
12 1s provided to prevent a surface of the continuous
recording paper 1 from suffering from stain to the print
caused by a pinch pressure when the scuil rollers 114 and
11e are started earlier.

FIG. 3 1s a diagram 1llustrating a pinch pressure in the first
embodiment of the present invention. The pinch pressure 1s
exerted by the scull rollers 114 and 1le and applied to a
surface of the continuous recording, paper 1, and 1ncreases as
the velocity of idle rotation of the scufl rollers 11d and 11e
increases. The velocity of idle rotation 1s a velocity of the
scull rollers 11d and 1l¢ when a fixed 1dle rotation time
clapses after they start rotation from their stopping state, and
when the scuil rollers 11d and 11e whose velocity of idle
rotation reaches the velocity of 1dle rotation are brought into
contact with the continuous recording paper 1, a pinch
pressure 1s applied to the continuous recording paper 1.
Then, 1f the scuff rollers 11d and 1le having a higher
velocity of rotation are brought 1nto contact with a surface
of the continuous recording paper 1, then stain to the print
1s caused by them. The axis of abscissa of FIG. 3 indicates
the idle rotation time (ms) of the scuff rollers 11d and 1le,
and the axis of ordinate indicates the amount of stain to the
print (absolute or abstract number). Further, a boundary line
representative of an allowable blurring amount 1s shown 1n
FIG. 3. The boundary line on the axis of ordinate 1s a line
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representing the condition that a line segment of 240 um
printed on the continuous recording paper 1 becomes a line
secgment of 290 um due to blurring.

In FIG. 3, curves 50a, 50b and 50c regarding the pinch
pressure characteristic are indicated for three different pinch
pressures which were obtained by an experiment. The curve
50a indicates the pinch pressure characteristic when the
scufl rollers 11d and 1le are 1dly rotated with a pinch
pressure set for printing on thick paper. From the curve 50aq,
it can be seen that, where the starting time difference is
within approximately 500 ms, the blurring amount 1s within
the allowable blurring amount, but where the starting time
difference 1s greater than the value, the pinch pressure
applied from the scuif rollers 114 and 11e to the continuous
recording paper 1 becomes so great that removal of toner
powder occurs and the blurring amount becomes excessively
oreat,which causes stain to the print. Stmilarly,the curve 505
indicates the pinch pressure characteristic when the scuil
rollers 114 and 11e are 1dly rotated with a pinch pressure set
for printing on plain paper. Where the starting time ditfer-
ence 1s within approximately 1,200 ms, the blurring amount
1s within the allowable blurring amount. Further, the curve
S50c indicates the pinch pressure characteristic when the
scufl rollers 11d and 1le are 1dly rotated with a pinch
pressure set for printing on very thin paper. Where the
starting time difference 1s within approximately 2,100 ms,
the blurring amount 1s within the allowable blurring amount.

Accordingly, from the values obtained by the experiment,
printing conditions are set for thick paper for which the
shortest 1dle rotation time 1s required, and the 1dle rotation
fime 1s set to approximately 500 ms or less to print on the
three different types of paper.

It 1s to be noted that, in order to prevent slackening of the
continuous recording paper 1 during printing, each velocity
of the sculf rollers 114 and 1le 1s set higher by approxi-
mately 5 to 30% than the transport velocity of the tractor unit
16 to transport the continuous recording paper 1. Further, the
characteristics of the pinch pressure illustrated in FIG. 3
similarly apply to the second embodiment which is herein-
after described.

Method (i1}

When transportation of the continuous recording paper 1
1s to be stopped while the continuous recording paper 1 1is
being transported 1n the forward direction after 1t 1s printed
on the rear surface thercof, the stopping operation 1s per-
formed after the continuous recording paper 1 1s taken up to
remove a slack. In particular, if transportation is stopped
while a slack remains on the continuous recording paper 1
during transportation in the forward direction, then stain to
the print occurs upon re-starting of printing, which Method
(i1) serves to prevent.

Method (iii)

Upon resuming the printing operation, the continuous
recording paper 1 1s backwardly transported so that 1t 1s
positioned accurately. Also when the backward transporta-
tion 1s being performed, 1f the backward transportation 1s
stopped while a slack remains on the continuous recording
paper 1, then stain to the print still occurs upon re-starting
of printing. Therefore, the continuous recording paper 1 1s
taken up to eliminate the slack immediately before the
backward transportation 1s stopped.

On the other hand, i1if backward transportation 1s to be
performed while a slack remains on the continuous record-
ing paper 1, then this must be performed such that the
slackening continuous recording paper 1 may not interfere
with other parts. FIG. 4 1s a diagram 1llustrating a limit value
to a slack value in the first embodiment of the present
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invention. Referring to FIG. 4, the bottom face of the flash
fixing umt 11c shown i1s formed as a glass surface 11;.
Further, continuous recording paper 1 and continuous
recording paper 1' are shown between the flash fixing unit
11c and the tractor motor 165 and scuif roller 11d. Further,
the distance between the tractor motor 165 and the scuil
roller 11d 1s apprommately 500 mm to 1,000 mm, and the
flash fixing unit 11c 1s disposed between them. It 1s to be
noted that the tractor motor 16b 1s indicated by a circle for
the convenience of illustration.

The continuous recording paper 1 1s shown 1n a state
wherein 1t has a predetermined tension between the tractor
motor 165 and the scufl roller 11d. Meanwhile, the continu-
ous recording paper 1' 1s shown 1n another state wherein 1t
1s slackened between the tractor motor 165 and the scufl
roller 11d, and is indicated by an imaginary line (arc)
representing that the slack amount of the continuous record-
ing paper 1'1s at 1ts limit. The limit 1s defined by the fact that
the continuous recording paper 1' contacts with the glass
surface 117, and the paper path length of the continuous
recording paper 1' 1n this situation i1s longer by approxi-
mately +5 to +10 mm than the paper path length of the
continuous recording paper 1 when the continuous recording
paper 1 1s stretched with the predetermined tension during,
transportation thereof. Here, the paper path length signifies
the length of the continuous recording paper 1' equal to that
of an arc defined by the continuous recording paper 1’
between the tractor motor 16b and the scuif roller 11d.

The time T required to eliminate the slack described
above 1s calculated 1n accordance with the following expres-

sion (1), and T=140 ms 1s obtained:

T=LBUF/(VTx0.05)=140 ms (1)

where LBUF 1s the amount of the slack of the paper, and VT
is the transport velocity of the tractor unit 16 (tractor motor
16b) and particularly 1s 20,000 LPM (1,400 mm/s). It is to
be noted that LPM 1s an abbreviation of line per minute and
represents the rate at which 6 lines are printed per one inch.
Further, the value 0.05 represents that the difference between
the velocity of the tractor unit 16 and the velocity of the scuit
rollers 11d and 1le 1s approximately 5%.

Accordingly, since the value of 140 ms 1s shorter than the
limit 1dle rotation time of 500 ms at which stain to the print
occurs, the continuous recording paper 1' can be transported
in a slackened state when the continuous recording paper 1’
1s to be backwardly transported without causing stain to the
print. In other words, by setting the starting time of the scuif
rollers 114 and 11e to 140 to 500 ms earlier than the starting
fime of the tractor unit 16, forward transportation or back-
ward transportation can be performed even 1f the continuous
recording paper 1' 1s 1n a slackened state without contacting
with the glass surface 117.

The double-sided printing method of the double-sided
printing apparatus 8 1s explained as follows. In particular,
data to be printed 1s printed on the front surface of the
continuous recording paper 1 and the continuous recording
paper 1 1s transported 1n the forward direction by the front
surface printing apparatus 9a shown i1n FIG. 1. Then, the
continuous recording paper 1 1s turned over to reverse the
front and rear surfaces thereof and transported 1n the forward
direction by the paper turning over mechanism (turn bar 95
and transport relaying apparatus 9c) (paper loading step).
Thereafter, the continuous recording paper 1 is transported
with a fixed acceleration 1n the forward direction so that the
continuous recording paper 1 after a print 1image 1s fixed to
the rear surface thereof may be taken up (scuff transport

step).
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Then, after a predetermined time after the sculf transport
step 1s started, a print image 1s formed on the rear surface of
the continuous recording paper 1 and the continuous record-
ing paper 1 1s transported with a fixed acceleration 1n the
forward direction (main transport step). Then, before the
continuous recording paper 1 transported by the main trans-
port step 1s stopped, a slack amount of the continuous
recording paper 1 is detected (detection step). Further, when
transportation in the forward direction is to be stopped, the
scull transportation 1s stopped after the slack amount
detected by the detection step 1s eliminated after the main
transportation 1s stopped. However, when transportation in
the opposite direction to the forward direction 1s to be
stopped, the slack amount detected by the detection step
after the scuffl transportation 1s stopped 1s eliminated, and
then the main transportation is stopped (paper tension keep-

ing step).
Consequently, since the scufl rollers 11d and 11e are

stopped earlier than the tractor unit 16, a slack correspond-
ing to time difference 1s generated on the continuous record-
ing paper 1. Therefore, rubbing between the scufl rollers 11d
and 11e and the continuous recording paper 1 upon stopping,
of transportation of the continuous recording paper 1 1is
climinated, and consequently, stain to the print can be
prevented.

Thereafter, 1n this state, either the tractor unit 16 and the
scufl rollers 114 and lle are controlled to start backward
transportation or the scuil rollers 11d and 11e are controlled
to start backward transportation a little earlier than the
tractor unit 16. Consequently, since the continuous recording
paper 1 1s backwardly transported in the slacked state,
rubbing between the continuous recording paper 1 and the
scull rollers 11d and 1le can still be prevented.

Further, when next printing operation 1s to be started, the
scuft rollers 11d and 1le are started earlier in time.
Consequently, the slack of the continuous recording paper 1
is cancelled (eliminated), and printing free from stain to the
print can be performed.

By the construction described above, a difference 1s
provided between the two different starting times of the scuif
rollers 11d and 1le and the tractor unit 16 so that the
continuous recording paper 1 1s printed on the opposite
surfaces thereof and transmitted without causing stain to the
print.

FIG. 5(a) is a diagram illustrating a velocity controlling
method for the tractor motor 165 1n the first embodiment of
the present invention, and FIG. 5(b) 1s a diagram illustrating
a velocity controlling method for the scufl motor 11d' 1n the
first embodiment of the present invention. FIGS. 5(a) and
5(b) show a velocity variation curve 20a of the tractor motor
166 and a velocity variation curve 20b of the scull motor
11d', respectively. In a section denoted by @ in FIG. 5(b),
the scull motor 11d' 1s started first, and then, after approxi-
mately 140 ms to 500 ms, the tractor motor 16b 1s started.
Then, the tractor motor 165 operates at a fixed velocity of
V,, and the scuff motor 11d' operates at another fixed
velocity 1.05V,. It 1s to be noted that V, 1s a positive
number.

Further, in another section denoted by (2) in FIG. 5(b), the
scull motor 11d' stops earlier than the tractor motor 165, and
consequently, a slack 1s generated on the continuous record-
ing paper 1. Then, both of the tractor motor 165 and the scuil
motor 11d' are brought into a stopping state. Further, at a
time point denoted by @ cither the scull motor 11d' and the
tractor motor 165 are started simultaneously, or the scuil
motor 11d' 1s started a little earlier than the tractor motor
16b, so that backward transportation of the continuous

recording paper 1 1s started with a fixed acceleration.
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In this manner, since a starting time difference of approxi-
mately 140 to 500 ms 1s present 1n the period of @, rubbing
of a print 1s eliminated, and since the continuous recording
paper 1 1s confrolled to a condition wherein 1t has the
predetermined tension, no stain to the print occurs. It 1s to be
noted that, within a section from (1) to (2), if the scuff rollers
11d and 11e have been started earlier, then the continuous
recording paper 1 can be transported at a velocity lower than
the velocity of the tractor unit 16.

Further, since the tractor motor 165 and the scuff motor
11d' are started simultaneously or the scufl motor 11d' 1s
started a litter earlier than the tractor motor 165 at (3) after
a slack 1s generated on the continuous recording paper 1 1n
@, the continuous recording paper 1 1s backwardly trans-
ported while 1t remains 1n the slackened state, and
consequently, rubbing of the print can be prevented.

In this manner, even if a printed surface of the continuous
recording paper 1 contacts with the scuff roller 11d when
double-sided printing 1s performed by two single-sided
printing apparatus connected to each other 1in such a state
that the scull velocity and the main transport velocity are
different from each other, since no stain to the print occurs,
a print image of good quality can be obtained.

(B) Second Embodiment of the Invention

As another countermeasure for allowing the continuous
recording paper 1 to have a predetermined tension upon
starting of printing, it 1S possible to perform backward
transportation while the continuous recording paper 1 has
some slack and then eliminate the slack after the backward
fransportation 1s stopped.

FIG. 6 1s a schematic view of a rear surface printing
apparatus 21 according to a second embodiment of the
present 1nvention. Referring to FIG. 6, the rear surface
printing apparatus 21 shown 1s provided on the downstream
side of the transport relaying apparatus 9c¢ (refer to FIG. 1)
in the forward direction, and prints on the rear surface of the
continuous recording paper 1 and transports the continuous
recording paper 1 1n the forward direction. The rear surface
printing apparatus 21 includes a photosensitive drum 11a, a
tractor unit 16, a flash fixing unit 11z, a pair of scufl rollers
11d and 1le, a pair of pinch rollers 11f and 11g, a paper
folding unit 11z, and a tension control apparatus 12'.

It 1s to be noted that, also in the present second
embodiment, the double-sided printing apparatus 8 has the
same construction as that used in the first embodiment.

The tractor unit (main transport means) 16 forms a print
image on the rear surface of the continuous recording paper
1 and transports the continuous recording paper 1 in the
forward direction. The tractor unit 16 includes a pair of
tractor belts 16a and 16c¢ for transporting the continuous
recording paper 1, and a tractor motor 165 for driving the
tractor belts 16a and 16c¢. The flash fixing unit (fixing means)
11c 1s provided on the downstream side of the tractor unit 16
in the forward direction and fixes a print 1mage on the
continuous recording paper 1 to the continuous recording
paper 1. The scufl rollers 114 and 1le are provided on the
downstream side of the flash fixing unit 11c¢ in the forward
direction and transport the continuous recording paper 1 1n
the forward direction.

The tension control apparatus 12' controls such that the
scull rollers 114 and 11e are stopped carlier than the tractor
unit 16 to provide a predetermined slack amount to the
continuous recording paper 1 and then the scuff rollers 11d
and 11e and the tractor unit 16 are started at the same timing
o transport the continuous recording paper 1 by a prede-
termined distance in the direction opposite to the forward
direction to eliminate the slack amount generated on the
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continuous recording paper 1. The function of the tension
control apparatus 12'1s particularly implemented by a motor
control circuit.

FIG. 7 1s a diagrammatic view showing a construction of
the tension control apparatus 12' according to the second
embodiment of the present invention. Referring to FIG. 7,
the tension control apparatus 12' functions as a motor control
circuit and includes a fixed acceleration control apparatus
12a, a feed amount management control section 13, a slack
amount detection section 14, a sensor detection circuit 154,
an MPU (micro-processor) 15b, and a scuff motor circuit
15¢. Further, a scufl motor 11d' for driving the scuil rollers
11d and 1le 1s provided on the output side of the tension
control apparatus 12'. The fixed acceleration control appa-
ratus 12a 1s similar to that described hereinabove, and
further description of 1t 1s omitted here. It 1s to be noted that
the feed amount management control section 13 1s herein-
after described.

The slack amount detection section 14 detects the prede-
termined distance mentioned above by detecting a slack
amount of a continuous medium existing between main
transport means and scull transport means and this function
1s realized by a laser detection sensor. The slack amount
detection section 14 detects a slack amount of the continu-
ous recording paper 1 using a laser beam of the laser
detection sensor and outputs a sensor ON signal as slack
amount mnformation when 1t detects a predetermined slack
amount. It 1s to be noted that the slack amount detection
section 14 can be implemented even by using a micro-switch
photo-sensor as hereinafter described.

The sensor detection circuit 154 receives the slack amount
information from the slack amount detection section 14 and
outputs mformation regarding the predetermined distance
based on the slack amount information from the slack
amount detection section 14 1n order to eliminate the slack
generated on the continuous recording paper 1. Here, the
predetermined distance signifies a distance over which the
continuous recording paper 1 1s to be taken up.

Further, the MPU 15b processes a detection signal from
the sensor detection circuit 154 and outputs a notification of
a result of the processing. The scufl motor circuit 15¢ signals
a control signal for controlling starting or stopping of the
scufl motor 114" to the scull motor 114' based on the signal
outputted from the MPU 15b.

Thus, slack amount information 1s detected by the slack
amount detection section 14 and inputted to the sensor
detection circuit 15a. Then, the MPU 15b performs prede-
termined processing for the detection signal from the sensor
detection circuit 154 and outputs a result of the processing.
Further, the scufl motor circuit 15¢ signals a control signal
for controlling starting or stopping of the scuff motor 11d' to
the scull motor 11d' based on the signal outputted from the
MPU 15b. Consequently, even 1f the continuous recording
paper 1 has some slack upon backward transportation, the
magnitude of the slack can be detected, and accordingly, the
continuous recording paper 1 can be prevented from con-
tacting with the flash fixing unit 11c.

FIG. 8 1s a schematic view showing the fixed acceleration
control apparatus according to the second embodiment of
the present invention. Referring to FIG. 8, the continuous
recording paper 1 1s loaded under the flash fixing unit 1lc,
and the scuil motor 11d' in the scuil roller 11d 1s controlled
by the feed amount management control section 13 1n the
tension control apparatus 12'. It 1s to be noted that the other
components of the tension control apparatus 12' shown 1n
FIG. 8 are not shown 1 FIG. 8.

The feed amount management control section 13 detects
the predetermined distance from the transport amount 1nfor-
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mation outputted from the scuil rollers 114 and 1le. More
particularly, the feed amount management control section 13
detects the predetermined distance over which the continu-
ous recording paper 1 1s to be taken up from an encoder
output of the scull motor 114'. Further, the function of the
feed amount management control section 13 1s realized by
managing the feeding amount of the continuous recording
paper 1 making use of the encoder output of the scull motor
11d'. The tension control apparatus 12' defines 1n advance a
difference between the feeding amounts of the tractor motor
165 1n the tractor unit 16 and the scuff motor 11d', and the
feed amount management control section 13 controls the
scull motor 11d' to rotate by a prescribed amount equal to the
difference 1n feeding amount.

In this manner, the tension control apparatus 12' can use
the two countermeasures of the feed amount management
control section 13 and the slack amount detection section 14
to manage the slack amount of the continuous recording
paper 1 to control the amount of the continuous recording,
paper 1 to be taken up.

Thus, as seen 1in FIG. 1, the continuous recording paper 1
1s printed on the front surface thereof and transported in the
forward direction by the front surface printing apparatus 9a.
Then, the continuous recording paper 1 1s turned over by the
paper turning over means (turn bar 95 and transport relaying
apparatus 9c) to reverse the front and rear surfaces thereof
and 1s then transported 1n the forward direction. Thereaftter,
the continuous recording paper 1 is printed on the front
surface thereof and transported 1n the forward direction by
the rear surface printing apparatus 11.

The rear surface printing apparatus 11 further includes a
slack amount detection section 14 for detecting a slack
amount of the continuous recording paper 1 between the
tractor unit 16 and the scufl rollers 114 and 1le. The tension
control apparatus 12' eliminates the slack amount detected
by the slack amount detection section 14 before transporta-
tion of the continuous recording paper 1 1s stopped.

The double-sided printing method of the rear surface
printing apparatus 11 proceeds 1n the following manner. In
particular, data to be printed 1s printed on the front surface
of the continuous recording paper 1, and the continuous
recording paper 1 1s transported 1n the forward direction.
Then, the continuous recording paper 1 1s turned over to
reverse the front and rear surfaces therecof and then trans-
ported in the forward direction (paper loading step).
Thereafter, a print 1mage 1s formed on the rear surface of the
continuous recording paper 1 and then the continuous
recording paper 1 1s transported with a fixed acceleration in
the forward direction (scuff transport step) to start scuff
transportation. The continuous recording paper 1 after a
print 1mage 1s fixed to the rear surface thereof simulta-
neously with the scufl transport step 1s transported with a
fixed acceleration in the forward direction (main transport
step).

Here, the scuff rollers 11d and 11e are rotated with a fixed
acceleration and have a difference 1n starting time.

Thereafter, the sculf transportation 1s stopped and then the
main transportation of the continuous recording paper 1 1is
stopped so that a slack 1s generated on the continuous
recording paper 1 (slack generating step). Then, the con-
tinuous recording paper 1 1s scull transported 1n the direction
opposite to the forward direction and simultaneously under-
ogoes main transportation in the direction opposite to the
forward direction (reverse transport step).

With the construction described above, due to the fixed
acceleration control, the continuous recording paper 1 1s
printed on the opposite surfaces thereof and transported
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without causing stain to the print to occur, and backward
transportation 1s performed while the continuous recording
paper 1 has some slack, and then after the backward trans-
portation 1s stopped, the slack i1s eliminated, thereby to
prevent rubbing of the print upon starting of printing.

FIG. 9(a) is a diagram illustrating the fixed acceleration
control method for the tractor motor 165 according to the
second embodiment of the present invention, and FIG. 9(b)
1s a diagram 1llustrating the fixed acceleration control
method for the scuff motor 114" according to the second
embodiment of the present invention. FIGS. 9(a) and 9(b)
show a velocity variation curve 40a of the tractor motor 165
and a velocity variation 405 of the scull motor 11d', respec-
tively. In a section denoted by (1) in FIG. 9(b), the tractor
motor 1650 1s started simultaneously with starting of the scuft
motor 11d', and then, the tractor motor 16b operates at a
fixed Velocity V, while the scufl motor 114" operates at
another fixed velocity 1.05V,. It 1s to be noted that V, 1s a
positive number.

Further, in another section denoted by (2) in FIG. 9(b), the
scull motor 11d' 1s decelerated and stops earlier than the
tractor motor 165, and consequently, a slack 1s generated on
the continuous recording paper 1. Then, both of the tractor
motor 16b and the scuff motor 11d' are brought into a
stopping state.

Further, at a time point denoted by @, cither the scuft
motor 114" and the tractor motor 16b are started
simultaneously, or the scuff motor 11d' 1s started a little
carlier than the tractor motor 16b, so that backward trans-
portation of the continuous recording paper 1 1s started.

Then, in a section denoted by (4), the scuff motor 114"
rotates by an amount equal to the slack amount to eliminate
the slack of the continuous recording paper 1 1n order to
make preparations for starting next printing.

In this manner, since the tractor motor 165 and the scufl
motor 11d' are started simultaneously in the period of @
while the continuous recording paper 1 has no slack thereon,
rubbing of the print 1s eliminated, and since the continuous
recording paper 1 1s controlled to a condition wherein it has
the predetermined tension, no stain to the print occurs.
Further, stabilized transportation can be realized from 1mme-
diately after starting of printing.

Further, since the scuff motor 11d' 1s activated earlier 1n
the period @ in this manner, a slack 1s generated on the
continuous recording paper 1, and since the continuous
recording paper 1 1s transported backwardly while 1t has the
slackened state in (3), no slip occurs between the scuff
rollers 11d and 11e and the continuous recording paper 1,
and consequently, rubbing of the continuous recording paper
1 can be prevented. Furthermore, since the slack 1s removed
by rotation in @, no stain to the print occurs when next
printing 1s started.

In this manner, since the scufl roller 11d 1s stopped earlier
than the tractor unit 16 to generate a slack on the continuous
recording paper 1 and the scuif roller 11d and the tractor unit
16 perform backward transportation simultaneously, no stain
to the print occurs.

Further, even 1f a printed surface of the continuous
recording paper 1 contacts with the scufl roller 11d when
double-sided printing 1s performed by two single-sided
printing apparatus connected to each other in such a state
that the scufl transport velocity and the main transport
velocity are different from each other, since no stain to the
print occurs, a print image of good quality can be obtained.
(C) Others

The slack amount detection section 14 i1n the second
embodiment described above can be implemented even by

using a micro-switch photo-sensor.
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FIG. 10 1s a schematic view showing a construction of a
slack amount detection apparatus 30 which employs a
micro-switch photo-sensor according to a further embodi-
ment of the present invention. Referring to FIG. 10, the slack
amount detection apparatus 30 shown includes a float 30a,
a lever 30b, a micro-switch photo-sensor 30c, and a tension
spring 30d. Further, the continuous recording paper 1 shows
a paper path during printing, and different continuous
recording paper 1' 1s an imaginary line showing a paper path
in a slackened state.

When the continuous recording paper 1 1s brought 1nto a
slackened condition as seen from the paper path of the
continuous recording paper 1', the tloat 30a 1s resiliently
pulled up in FIG. 10 by the tension spring 30d, whereupon
the lever 30b 1s pivoted around a fulcrum A unftil it 1s brought
into contact with the micro-switch photo-sensor 30c, thereby
to detect the slack of the continuous recording paper 1'.

Further, the scuff motor 11d"' 1s described with reference to
FIG. 11. FIG. 11 1s a diagram 1illustrating the velocity
characteristic of the scufl motor 114 according to a sill
further embodiment of the present invention. Referring to
FIG. 11, the velocity of the sculf motor 11d' exhibits a
variation upon rising thereof, and this makes feeding of the
continuous recording paper 1 unstable. For example, 1f the
velocity of the scuff motor 11d" upon rising is set higher by
approximate 5% than the velocity of the tractor unit 16,
since the scull roller 11d may sometimes be slower by more
than approximately 10% at a certain instant upon the rising,
the velocity of the scuff roller 11d sometimes becomes lower
than the transport velocity of the tractor unit 16, which
causes a slack to be produced on the continuous recording
paper 1 and makes operation unstable.

Accordingly, by starting up the scuff motor 11d' earlier
than the tractor motor 16b, such variations upon starting up
of the motors can be eliminated thereby to achieve stabilized
velocity control.

The present invention 1s not limited to the first and second
embodiments described hereinabove and can be carried out
in various forms without departing from the scope and spirit
of the present 1nvention.

For example, the definition of the front and rear surfaces
of the continuous recording paper 1 1n the foregoing descrip-
fion 1s given for the convenience of description, and which
one of the opposite surfaces of the continuous recording
paper 1 should be defined as the front surface or the rear
surface can be selectively determined.

Further, in FIG. 3, the 1dle rotation time corresponds to the
starting time difference.

What 1s claimed 1s:

1. A double-sided printing apparatus, comprising:

front surface printing means for printing on a front surface

of a continuous medium and transporting the continu-
ous medium 1n a printing transport direction;

paper turning over means provided on the printing trans-

port direction side of said front surface printing means
for turning over the continuous medium to reverse the
front and rear surfaces of the continuous medium and
transporting the continuous medium 1n the printing
transport direction;

rear surface printing means provided on the printing
transport direction side of said paper turning over
means for printing on the rear surface of the continuous
medium and transporting the continuous medium 1n the
printing transport direction;
said rear surface printing means mncluding main trans-
port means for forming a print 1mage on the rear
surface of the continuous medium and transporting
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the continuous medium 1in the printing transport
direction, fixing means provided on the printing
transport direction side of said main transport means
of said rear surface printing means for fixing the
print image formed on the continuous medium to the
continuous medium, scufl transport means provided
on the printing transport direction side of said fixing,
means for transporting the continuous medium 1n the
printing transport direction and outputting transport
amount 1nformation, fixed acceleration control
means for controlling the transport velocity of said
main transport means and the transport velocity of
said scull transport means with fixed accelerations,
and tension control means for controlling said main
transport means and said scull transport means so
that the continuous mediun may have a predeter-
mined tension when printing of the continuous
medium 1s started,

wherein said tension control means i1s arranged to
control said scuff transport means and said main
transport means by activating said main transport
means after a predetermined time after said scufl
transport means 1s activated.

2. A double-sided printing apparatus, comprising:
front surface printing means for printing on a front surface
of a continuous medium and transporting the continu-
ous medium 1n a printing transport direction;

paper turning over means provided on the printing trans-

port direction side of said front surface printing means
for turning over the continuous medium to reverse the
front and rear surfaces of the continuous medium and
transporting the continuous medium 1n the printing
transport direction;

rear surface printing means provided on the printing
transport direction side of said paper turning over
means for printing on the rear surface of the continuous
medium and transporting the continuous medium 1n the
printing transport direction;
said rear surface printing means including main trans-
port means for forming a print 1mage on the rear
surface of the continuous medium and transporting
the continuous medium in the printing transport
direction, fixing means provided on the printing
transport direction side of said main transport means
of said rear surface printing means for fixing the
print image formed on the continuous medium to the
continuous medium, scull transport means provided
on the printing transport direction side of said fixing
means for transporting the continuous medium 1n the
printing transport direction and outputting transport
amount 1nformation, fixed acceleration control
means for controlling the transport velocity of said
main transport means and the transport velocity of
said scull transport means with fixed accelerations,
and tension control means for controlling said main
transport means and said scull transport means so
that the continuous medium may have a predeter-
mined tension when printing of the continuous
medium 1s started,
wherein said tension control means i1s arranged to
control said main transport means and said scufl
transport means by stopping said scull transport
means carlier than said main transport means to

™

generate a slack having a predetermined amount of
the continuous medium and then activating said scufl
transport means and said main transport means at the

same time to transport the continuous medium by a
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predetermined distance 1n a direction opposite to the
printing transport direction to eliminate the slack
generated on the continuous medium.

3. A double-sided printing method, comprising:

a paper loading step of printing data to be printed on the
front surface of a continuous medium, transporting the
continuous medium 1n a printing transport direction,
turning over the continuous medium to reverse the front
and rear surfaces of the continuous medium and trans-
porting the continuous medium in the printing transport
direction;

a scull transport step of transporting the continuous
medium with a fixed acceleration in the printing trans-
port direction to take up the continuous medium;

a main transport step of forming a print image on the rear
surface of the continuous medium after a predeter-
mined time after the scuff transport step 1s started and
transporting the continuous medium having the print
image formed on the rear surface, with a fixed accel-
eration in the printing transport direction;

a detection step of detecting a slack amount of the
continuous medium before the continuous medium
being transported by the main transport step 1s stopped;
and

a paper tension keeping step of stopping, when the
transportation in the printing transport direction 1s to be
stopped, the scull transportation after the slack amount
detected by the detection step 1s eliminated after the
main transportation 1s stopped and stopping, when the

transportation 1n a direction opposite to the printing

transport direction 1s to be stopped, the main transpor-
tation after the slack amount detected by the detection
step 1s eliminated after the scufl transport 1s stopped.

4. A double-sided printing method, comprising:

a paper loading step of printing data to be printed on the
front surface of a continuous medium, transporting the
continuous medium 1n a printing transport direction,
turning over the continuous medium to reverse the front
and rear surfaces of the continuous medium and trans-

porting the continuous medium in the printing transport
direction;

a scull transport step of forming a print image on the rear

surface of the continuous medium and transporting the
continuous medium with a fixed acceleration 1 the

printing transport direction; and

a main transport step ol transporting the continuous
medium, while forming the print image fixed to the rear
surface thereof, with a fixed acceleration 1n the printing
transport direction stmultaneously with the scuff trans-
port step; thereafter

a slack generating step of stopping the transportation of
the confinuous medium after the scufl transportation 1s
stopped to generate a slack of the continuous medium;
and

a reverse transport step of transporting the continuous
medium 1n a direction opposite to the printing transport
direction at the same time as the continuous medium 1s
transported by scufl transport means 1n the direction
opposite to the printing transport direction.

5. A double-sided printing apparatus, comprising;:

front surface printing means for printing on a front surface

of a continuous medium and transporting the continu-
ous medium 1n a printing transport direction;

paper turning over means provided on the printing trans-
port direction side of said front surface printing means
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for turning over the continuous medium to reverse the
front and rear surfaces of the continuous medium and
transporting the continuous medium in the printing
transport direction;

rear surface printing means provided on the printing
transport direction side of said paper turning over
means for printing on the rear surface of the continuous
medium and transporting the continuous medium 1in the
printing transport direction;

said rear surface printing means mncluding main trans-
port means for forming a print 1mage on the rear
surface of the continuous medium and transporting
the continuous medium 1in the printing transport
direction, fixing means provided on the printing
transport direction side of said main transport means
of said rear surface printing means for fixing the
print image formed on the continuous medium to the
continuous medium, scull transport means provided
on the printing transport direction side of said fixing
means for transporting the continuous medium 1n the
printing transport direction and outputting transport
amount 1nformation, fixed acceleration control
means for controlling the transport velocity of said
main transport means and the transport velocity of
said scull transport means with fixed accelerations,
and tension control means for controlling said main
transport means and said scull transport means so
that the continuous medium may have a predeter-
mined tension when printing of the continuous
medium 1s started;

whereln said tension control means controls said main
transport means and said scull transport means by
stopping said scull transport means earlier than said
main transport means to generate a slack having a
predetermined amount of the continuous medium
and then activating said scufl transport means and
said main control means at the same time to transport
the continuous medium by a predetermined distance
in a direction opposite to the printing transport
direction to eliminate the slack generated on the
continuous medium; and

wherein said tension control means includes feed
amount management control means for determining
the predetermined distance from the transport
amount information outputted from said scuif trans-
port means.

6. A double-sided printing apparatus, comprising;:
front surface printing means for printing on a front surface
of a continuous medium and transporting the continu-
ous medium 1n a printing transport direction;

paper turning over means provided on the printing trans-

port direction side of said front surface printing means
for turning over the continuous medium to reverse the
front and rear surfaces of the continuous medium and
transporting the continuous medium i1n the printing
transport direction;

rear surface printing means provided on the printing
transport direction side of said paper turning over
means for printing on the rear surface of the continuous
medium and transporting the continuous medium 1n the
printing transport direction;
said rear surface printing means including main trans-
port means for forming a print 1mage on the rear
surface of the continuous medium and transporting,
the continuous medium in the printing transport
direction, fixing means provided on the printing
transport direction side of said main transport means
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of said rear surface printing means for fixing the
print image formed on the continuous medium to the
continuous medium, scull transport means provided
on the printing transport direction side of said fixing,
means for transporting the continuous medium 1n the
printing transport direction and outputting transport
amount 1nformation, fixed acceleration control
means for controlling the transport velocity of said
main transport means and the transport velocity of
said scull transport means with fixed accelerations,
and tension control means for controlling said main
transport means and said scufl transport means so
that the continuous medium may have a predeter-
mined tension when printing of the continuous
medium 1s started;

wherein said tension control means controls said main

transport means and said scull transport means by
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stopping said scull transport means earlier than said
main transport means to generate a slack having a
predetermined amount of the continuous medium
and then activating said scufl transport means and
said main control means at the same time to transport
the continuous medium by a predetermined distance

in a direction opposite to the printing transport
direction to eliminate the slack generated on the
continuous medium; and

wherein said tension control means 1ncludes slack

amount detection means for detecting a slack amount
of the continuous medium existing between said
main transport means and said scull transport means
to determine the predetermined distance.
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